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(57) ABSTRACT

The mvention 1s directed to a protection circuit for protecting
IC chips against ESD. An ESD protection circuit for an inte-
grated circuit chip may comprise an 1solated NMOS transis-
tor, which may comprise an 1solation region 1solating a back-
gate Irom a substrate, and a first and second doped regions and
a gate formed on the backgate. The ESD protection circuit
may further comprise a {irst terminal to connect the 1solation
region to a first electrical node, and a second terminal to
connect the second doped region to a second electrical node.
The first electrical node may have a higher voltage level than
the second electrical node, and the gate and backgate may be
coupled to the second terminal.

10 Claims, 11 Drawing Sheets
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SYSTEM AND METHOD FOR ISOLATED
NMOS-BASED ESD CLAMP CELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent

Application No. 61/122,855, filed Dec. 16, 2008, entitled
“Isolated NMOS-Based ESD Clamp Cell,” which 1s herein
incorporated by reference in its entirety.

BACKGROUND

The present invention 1s generally directed to a protection
of integrated circuits (ICs) against electrostatic discharge
(ESD). In particular, the present invention 1s directed to a
device and method for protecting 1Cs against ESD using an
1solated NMOS transistor.

Integrated circuit (IC) chips are made from semiconductor
materials such as silicon and insulating materials such as
silicon dioxide. Static charges may build up on exposed ter-
minals (e.g., pins) of an IC chip. These static charges remain
on those terminals of the IC chip until either bleed off to
ground or are neutralized by a discharge. ESD 1s a sudden and
momentary electric current that flows between two points
with opposite charges. Internal circuitry of IC chips may
sulfer damage due to ESD. In order to prevent the damage,
exposed terminals of the IC chips may be provided with a
protection circuit to conduct ESD current when there 1s static
charge build up.

One type of transistor for an IC chip are metal-oxide-
semiconductor field-effect (MOS FET or MOS) transistors.
MOS transistors operate by forming a channel between two
doped regions (e.g., source and drain) and conducting elec-
trical current via the channel by a certain electrical carrier
(e.g., ntype (electrons) or p type (holes)). Based on the types

of the carrier, a MOS transistor may be termed as an NMOS-
FET (e.g.,antype MOS)ora PMOSFFET (e.g., ap type MOS)

(also commonly referred to as NMOS, PMOS) The channel
of a MOS transistor 1s controlled by a gate, which normally
uses a silicon oxide film (also referred to as the gate oxide
f1lm) as an 1nsulating film to separate the gate and the channel.
Because MOS transistors use only one type of electrical car-
rier, they may be termed as unipolar transistors. In contrast to
MOS transistors are bipolar transistors, which operate by
conducting electrical current using both types of electrical
carriers (e.g., electrons and holes).

In one type of MOS transistors, the two doped regions are
formed directly on a substrate with an opposite electrical
carrier (e.g., p type regions on a n type substrate or n type
regions on a p type substrate). For example, an NMOS tran-
sistor may be manufactured by forming two n type doped
regions on a p type substrate and a gate of silicon oxide film
over the channel between the two n typed doped regions. This
type of MOS transistor typically 1s used with a low opera-
tional voltage (e.g., 2.5 volts, or 1.5 volts).

In another type of MOS transistor, called “1solated” NMOS
or PMOS ftransistors, the two doped regions may be formed
on a backgate layer, which is 1solated from the substrate layer
by an 1solation layer. The backgate layer and the substrate
have same type of electrical carrier and the 1solation layer has
an opposite electrical carrier. Isolated NMOS or PMOS tran-
sistors can have a relatively wider range of operational volt-
age (e.g., £12 volts or £15 volts).

FIG. 1 shows a cross section of a conventional isolated
NMOS transistor 100. In the 1solated NMOS transistor 100,

an n type 1solation region 104 1solates the p type backgate 106
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from the p type substrate 102. Two n type doped regions 108
and 110 form the drain and source of the NMOS transistor. A
gate 112 1s formed between the drain 108 and the source 110.
The backgate 106 contains a doped region 114 to connect the
backgate 106 to a terminal. A doped region 116 of the sub-
strate 102 may connect the substrate 102 to another terminal
(e.g., ground). In a symmetrical 1solated NMOS transistor,
the drain 108 and the source 110 are interchangeable

Although the 1solated NMOS transistor 100 1s designed as
an MOS transistor, 1n eifect, three parasitic npn bipolar tran-
sistors labeled 11, T2 and T3 are formed. These bipolar
transistors operate by involving both negative and positive
clectrical carriers (e.g., electrons and holes). The n type 1s0-
lation region 104 forms the collectors of both T1 and T2,
while the p type backgate 106 forms the bases of both T1 and
12. The drain 108 forms the emitter of T1, while the source
110 forms the emitter o1 T2. T3 1s formed by the drain 108 as
the collector, the backgate 106 as the base and the source 110
as the ematter.

During manufacturing, assembly, 1nstallation and/or
operation of an IC chip, static charges may accumulate on
external terminals (e.g., pins) of the IC chip. The 1solated
NMOS transistor 100 may be used to connect the IC to some
external circuits (e.g., power supplies, signals). If there 1s
static charge build up on those external terminals, different
regions of the 1solated NMOS transistor 100 may reach dii-
terent potential levels. The different potential levels between
different regions may create electrical stresses (e.g., ESD
stress) across those regions and cause the parasitic bipolar
transistors to break down in both the forward and reverse
directions. For example, when a positive ESD stress as mea-
sured from the collector to the emitter 1s applied (e.g., from
the 1solation region 104 to the drain 108 for T1, from the
1solation region 104 to the source 110 for 12, from the drain
108 to the source 110 for'13), the parasitic npn transistors 11,
12, and T3 may break down 1n the forward direction. In this
kind of breakdown, an electron avalanche i1s created at a
reverse biased collector base junction, a drifting of holes
raises the backgate 106°s potential, and the emitter diode
becomes forward biased. This causes the bipolar transistor to
enter a state referred to as “snapback’ as i1t conducts the ESD
current. For example, the ESD stress may be formed across
the drain 108 (e.g., collector of T3) and the source 110 (e.g.,
emitter of '13). The junction of the drain 108 and the backgate
106 may become reverse biased, and an electron avalanche 1s
created at this junction. A drifting of holes from the drain 108
towards the backgate 106 raises the potential of the backgate
106 and makes the backgate 106 to the source 110 diode
become forward biased. Thus, 13 enters the snapback state
and conducts the ESD current.

Protection circuits have been developed to protect IC chips
from ESD. For example, an 1C chip may be protected by a
conventional NMOS transistor ESD protection circuit 200 as
depicted 1n FIG. 2. The conventional NMOS transistor ESD
protection circuit 200 may be termed as a *“clamp cell” or
“breakdown cell”. The conventional NMOS transistor ESD
protection circuit comprises a single 1solated NMOS transis-
tor 100 with the gate 112 coupled to source 110 and backgate
106. As shown 1n FIG. 2, both of the source 110 and the
backgate doped region 114 are connected to a terminal 2. The
gate 112 1s coupled to the terminal 2 via a resistor 220. The
1solation region 104 1s connected to a terminal 1 via a resistor
230 placed 1n series. The drain 108 1s connected to a terminal
3. There 1s no resistor between the source 110 and the back-
gate doped region 114 and these two regions will maintain the
same voltage at all times. During normal operations of the
NMOS transistor, no electrical current flows between the
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terminal 2 and the gate 112, thus, the gate 112 and the source
110 will be kept at the same voltage level and the NMOS
transistor will be off (e.g., an OFF-NMOS).

If static charges accumulate on either of the terminals, an
ESD event may occur to discharge the static charges or neu-
tralize them. During an ESD stress from the drain 108 to the
source 110, in which the isolation region 104 (e.g., terminal 1)
acts as an open circuit, this ESD protection circuit functions
due to the breakdown of transistor T3. During the ESD event,
the resistor 230 can limit the current that flows to the 1solation
region 104 because any electrical current tlowing to terminal
1 will raise the potential level at the 1solation region 104.
Thus, the resistor 230 may reduce the potential difference
between the drain 108 and the 1solation region 104 and steer
the ESD current away from the 1solation region 104. Accord-
ingly, even an ESD stress may take place across the drain 108
and the 1solation terminal 1, the resistor 230 helps to prevent
the damage that can occur 1 a large current flows from the
drain 108 to the 1solation terminal 1.

This OFF-NMOS ESD protection circuit be found between
two power supply pins on an IC chip. For example, the ter-
minal 3 may be connected to the high potential power supply
Vi, p (e.g., positive (+) 12 volts) and the terminal 2 may be
connected to the low potential power supply (e.g., negative
(—) 12 volts). The terminal 1 may be connected to V,__, which
may be grounded or a V . (e.g., 3.3 volts).

One tool to analyze ESD effects on IC chips 1s transmission
line pulse (TLP). TLP shows the quasistatic I/'V characteristic
of IC chips by applying electrical pulses with a variety voltage
levels. Example TLP curves of the conventional NMOS ESD
protection circuit 200 (e.g., an ESD clamp cell from a 24V
CMOS process with 1solated NMOS devices) are shown 1n
FIG. 3, which includes an I/V curve 302 for ESD pulse and a
curve 304 for leakage current after applying ESD pulses.
Each point for the curve 302 may be obtained by applying a
pulse (e.g., a fixed time period) with various voltage values.
Each point of the curve 304 may be obtained by measuring a
leakage current after applying each ESD pulse. Thus, for
curve 302, the horizontal axis 1s the ESD voltage across the
ESD clamp (e.g., between the source 108 and drain 110), the
vertical axis 1s the ESD current through the ESD clamp. For
curve 304, the horizontal axis 1s the leakage current under 2
Volts across the ESD clamp and the vertical axis represents

the ESD pulse current.

The curve 302 has three different sections 302.1,302.2 and
302.3. The curve 304 has two different sections 304.1 and
304.2. The TLP curve 302 indicates that this ESD clamp has
a trigger voltage ol about 35 volts. At a low ESD stress
(between zero to 35 volts), the curve 302 indicates little or no
ESD current flowing through the ESD clamp (e.g., little or no
current flowing between the source 108 and the drain 110).
And the section 302.1 comncides with the horizontal axis.
When the stress voltage reaches an avalanche breakdown
value (e.g., 35 volts), the ESD clamp breaks down and the
ESD current begins to flow (e.g., the curve 302 enters the
section 302.2). Once the ESD current begins, one of the
parasitic bipolar transistor 1s turned on (e.g., the potential
difference between the backgate 106 and the source 110
caused by the ESD current may turn on the parasitic bipolar
transistor 13). The turning on of the bipolar transistor results
in a drop 1n the ESD stress voltage (e.g., a snapback). During
the section 302.2, the ESD current increases and the voltage
across the ESD clamp continues to drop until it reaches to
about 6~7 volts. Then the ESD clamp has another turning
point (e.g., entering the section 302.3). During the section
302.3, the ESD current increases but the ESD stress voltage

changes very little.
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The curve 304 indicates that when the ESD current 1s
below a threshold (e.g., a failure current level), the leakage

current does not change (e.g., section 304.1). Once the ESD
current reaches the threshold (e.g., about 650 mA 1n FIG. 3),

the leakage current value increases, which normally means
the device 1s damaged (e.g., section 304.2). Thus, the this
protection circuit only provides a ESD protection of up to 650
mA of ESD current. When the ESD current 1s larger than this
threshold, the internal circuitry of the device will be damaged.

The conventional NMOS ESD protection circuit 200 has
several shortcomings. For example, the trigger voltage as
shown 1n FIG. 3 1s relatively high for this process and there 1s
a risk that internal circuitry may break down at a voltage
lower than the trigger voltage of this ESD clamp. Further,
because the voltage across the 2 terminals being stressed at
the failure current level (about 7 Volts) 1s much lower than the
trigger voltage of the cell, there 1s a likelithood that only one
cell would break down during an ESD stress even 1f two or
more clamp cells were placed in parallel. Because each clamp
cell uses certain amount of layout area of an IC, thus, under
this situation, although more layout areas of the IC chip are
used, the failure current level would not increase but stay the
same failure current level of one clamp cell. This 1s an unde-
sirable characteristic for an ESD clamp cell.

Accordingly, there 1s a need 1n the art to design an ESD
protection circuit (e.g., a clamp cell, or a breakdown cell) that
has a lower trigger voltage than the internal circuitry that it 1s
designed to protect, has a high breakdown failure current
level for a given layout area, and the failure current should
scale 1f a number of cells are placed 1n parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of a conventional NMOS
transistor.

FIG. 2 1s cross sectional view of a conventional OFF-
NMOS ESD protection circuit.

FIG. 3 1s graph showing TLP curves of the conventional
OFF-NMOS ESD protection circuit shown in FIG. 2.

FIG. 4 1s a cross sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

FIG. 5 1s graph showing TLP curves of the OFF-NMOS

ESD protection circuit shown 1n FIG. 4.

FIG. 6 1s a cross sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

FIG. 7 1s a cross sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

FIG. 8 1s a cross sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

FIG. 9 1s a cross sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

FIG. 101s across sectional view of an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present 1nvention.

FIG. 11 1llustrates an IC chip with an 1solated OFF-NMOS
ESD protection circuit according to an embodiment of the
present invention.

DETAILED DESCRIPTION

In accordance with one embodiment of the present inven-
tion, an ESD protection circuit for an integrated circuit chip




US 8,102,002 B2

S

may comprise an 1solated NMOS transistor, which may com-
prise an 1solation region 1solating a backgate from a substrate,
first and second doped regions and a gate formed on the
backgate. The ESD protection circuit further may comprise a
first terminal to connect the 1solation region to a first electrical
node, and a second terminal to connect the second doped
region to a second electrical node. The first electrical node
may have a higher voltage level than the second electrical
node, and the gate and backgate may be coupled to the second
terminal.

Referring to FI1G. 4, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 400 according to an
embodiment of the present ivention 1s shown. This ESD
protection circuit 400 may comprise an 1solated NMOS tran-
sistor (e.g., as shown 1n FIG. 1) and two terminals 1 and 2.
Both the isolation region 104 and the drain 108 may be
connected to the terminal 1. The source 110 may be connected
to the terminal 2. Both the gate 112 and the backgate doped
region 114 may be coupled to the terminal 2 though resistors
420 and 422 respectively. Terminal 1 may be biased positive
with respect to the substrate 102 and terminal 2.

When terminal 1 has an ESD stress that 1s positive to
terminal 2, both the 1solation region 104 and the drain 108
may be biased positive with respect to the source 110. If the
ESD stress across the drain 108 and the source 110 1s strong
enough, the parasitic bipolar transistor T3 may enter break-
down mode and conduct ESD current. As described above
with respect to FIG. 1, the junction of the drain 108 and the
backgate 106 may become reverse biased, and an electron
avalanche may be created at this junction. A drifting of holes
from the drain 108 towards the backgate 106 may raise the
potential of the backgate 106 and make the backgate 106 to
the source 110 diode become forward biased. Thus, T3 may
enter the snapback state and conduct the ESD current.

In one embodiment, 1f the ESD stress across the 1solation
region 104 and the source 110 is strong enough, the parasitic
bipolar transistor T2 also may enter breakdown mode and
conduct ESD current. For example, the ESD stress across the
1solation region 104 and the source 110 may be strong enough
to reach a trigger voltage. The junction of the 1solation region
104 and the backgate 106 may become reverse biased, and an
clectron avalanche may be created at this junction. A drifting
of holes from the 1solation region 104 towards the backgate
106 may raise the potential of the backgate 106 and make the
backgate 106 to the source 110 diode become forward biased.
Thus, T2 may enter the snapback state and conducts the ESD
current. Therefore, 1n an embodiment, both the parasitic bipo-
lar transistors T2 and T3 may enter breakdown mode and
conduct ESD current concurrently. Although T1, T2 and T3
are referred to as transistors, they merely model transistor
cifects but are not real transistors.

Resistors 420 and 422 may steer current from the gate 112
and the backgate doped region 114 respectively. During an
ESD event, ESD current flows between the terminal 1 and
terminal 2. Any electric current flowing through the resistors
420 and 422 would raise the potential at the gate 112 and the
backgate doped region 114 to be higher than the source 110.
Thus, ESD current would be directed to the source 110 (e.g.,
through T3 and/or T2). In one embodiment, the resistors 420
and 422 may be metal resistors. In another embodiment, they
may be made of other suitable conductive material. Further,
the resistance of the resistor 422 may be adjusted to change
the trigger voltage of the clamp cell. For example, when the
resistance of the resistor 422 1s low, a large current 1s needed
to flow through the backgate doped region 114 to raise the
potential of the backgate 106 and make the backgate 106 to
the source 110 diode become forward biased. And the trigger
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voltage of the clamp cell will be high. When the resistance of
the resistor 422 1s high, a small current flowing through the
backgate doped region 114 will raise the potential of the
backgate 106 high enough to make the backgate 106 to the
source 110 diode become forward biased. And the trigger
voltage of the clamp cell will be low. Therefore, 1 one

embodiment, the resistance value of the resistor 422 1s adjust-
able.

This OFF-NMOS ESD protection circuit 400 may be used

between two electrical nodes having different potential levels
(e.g., voltage levels) on an IC chip. The terminal 1 may be an
clectrical node with a voltage level higher than the voltage
level of another electrical node (e.g., the terminal 2). In one
embodiment, the terminal 1 may be connected to the high
potential power supply VDD (e.g., positive (+) 12 volts) and
the terminal 2 may be connected to the low potential power
supply (e.g., negative (—) 12 volts). In another embodiment,
the terminal 1 may be connected to an input or output signal
line with a higher voltage level and the terminal 2 may be
connected to an input or output signal line with a lower
voltage level. In other embodiments, at least one of the ter-
minals may be a conductive region or node of an IC not
connected to any external pins.

The TLP curves of the ESD protection circuit 400 are
shown 1n FIG. 5, which includes an I/'V curve 502 for ESD
pulses and a curve 504 for leakage current after applying ESD
pulses. The curve 502 indicates that this ESD clamp has a
breakdown trigger voltage of about 21 volts. The trigger
voltage 21 volts 1s less than the operation voltage 24 volts and
much less than the trigger voltage 335 volts of a conventional
ESD clamp cell shown 1n FIG. 3. Moreover, the curve 504
indicates a failure current level higher than 1 A, which 1s
much higher than the failure current level 650 mA of the
conventional ESD clamp cell shown 1n FIG. 3.

The ESD protection circuit 400 has another advantage: the
ESD performance 1s scalable with the number of the ESD
clamp cells. This can be seen from the TLP results 1n that the
voltage across the 2 terminals being stressed at the failure
current level (e.g., greater than 40 V) may be greater than the
trigger voltage of the ESD clamp cell (e.g., 21 volts). Thus,
any ESD clamp cells being subject to the ESD stress at the
failure current level will break down and conduct ESD cur-
rent. Accordingly, multiple copies of ESD clamps may be put
in parallel to provide higher ESD protection (e.g., discharging
more static charges).

In one embodiment, the ESD protection circuit 400 may
trigger at 21 volts during ESD events that have fast rising time
(e.g., during manufacturing, assembly and/or installation).

Referring to FIG. 6, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 600 according to an
embodiment of the present invention 1s shown. This ESD
protection circuit 600 comprises an 1solated NMOS transistor
(e.g., as shown 1n FIG. 1) and two terminals 1 and 2. In
contrast to the ESD protection circuit 400 shown 1n FIG. 4,
only 1solation region 104 1s connected to the terminal 1. The
source 110 may be connected to the terminal 2. Both the gate
112 and the backgate doped region 114 may be coupled to the
terminal 2 though resistors 620 and 622 respectively (e.g.,
similar to resistors 420 and 422 of FI1G. 4). The resistors 620
and 622 (e.g., metal or other conductive material) may steer
current away from the gate 112 and the backgate doped region
114, and guide current to the source 110 similarly as resistors
420 and 422 of FIG. 4. In one embodiment, the resistor 622
has an adjustable resistance value to adjust the clamp cell
trigger voltage. Terminal 1 may be biased positive with
respect to the substrate 102 and terminal 2.
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When terminal 1 has an ESD stress that 1s positive to
terminal 2, the 1solation region 104 1s biased positive with
respect to the source 110. ITthe ESD stress across the 1solation
region 104 and the source 110 1s strong enough, the parasitic
bipolar transistor T2 may enter breakdown mode and conduct
ESD current. For example, the ESD stress across the 1solation
region 104 and the source 110 may be strong enough to reach
a trigger voltage. The junction of the 1solation region 104 and
the backgate 106 may become reverse biased, and an electron
avalanche 1s created at this junction. A drifting of holes from
the 1solation region 104 towards the backgate 106 raises the
potential of the backgate 106 and makes the backgate 106 to
the source 110 diode become forward biased. Thus, 12 enters
the snapback state and conducts the ESD current.

This OFF-NMOS ESD protection circuit 600 may be used
between two electrical nodes having different potential levels
(e.g., voltage levels) on an IC chip. The terminal 1 may be an
clectrical node with a voltage level higher than the voltage
level of another electrical node—the terminal 2. In one
embodiment, the electrical nodes may be connected to exter-
nal pins. For example, the terminal 1 may be connected to the
high potential power supply VDD (e.g., positive (+) 12 volts)
and the terminal 2 may be connected to the low potential
power supply (e.g., negative (-) 12 volts). In another embodi-
ment, the terminal 1 may be connected to an 1input or output
signal line with a higher voltage level and the terminal 2 may
be connected to an mnput or output signal line with a lower
voltage level. In other embodiments, at least one of the elec-
trical nodes may be a conductive region or node of an IC not
connected to any external pins.

Referring to FIG. 7, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 700 according to an
embodiment of the present invention 1s shown. This ESD
protection circuit 700 comprises an 1solated NMOS transistor
(e.g., as shown 1n FIG. 1) and two terminals 1 and 2. In
contrast to the ESD protection circuit 400 shown in FIG. 4,
only 1solation region 104 1s connected to the terminal 1 but
both the drain 108 and the source 110 are connected to the
terminal 2. Both the gate 112 and the backgate doped region
114 are coupled to the terminal 2 though resistors 720 and 722
respectively (e.g., similar to resistors 420 and 422 of FIG. 4).
The resistors 720 and 722 (e.g., metal or other conductive
material) may steer current away from the gate 112 and the
backgate doped region 114, and guide current to the source
110 similarly as resistors 420 and 422 of FIG. 4. However,
because the drain 108 1s connected to the source 110, there 1s
no potential difference between the two regions. As described
below, ESD Current would also be guided to the drain 108. In
one embodiment, the resistor 722 has an adjustable resistance
value to adjust the clamp cell trigger voltage. Terminal 1 may
be biased positive with respect to the substrate 102 and ter-
minal 2.

When terminal 1 has an ESD stress that 1s positive to
terminal 2, the 1solation region 104 1s biased positive with
respect to both the drain 108 and source 110. If the ESD stress
across the 1solation region 104 and the source 110 1s strong
enough, the parasitic bipolar transistor T2 may enter break-
down mode and conduct ESD current. Moreover, because the
source 110 and drain 108 are kept at the same potential, the
ESD stress may also cause the transistor T1 to break down.
For example, the ESD stress across the 1solation region 104
and the drain 108 may be strong enough to also reach atrigger
voltage. The junction of the isolation region 104 and the
backgate 106 may become reverse biased, and an electron
avalanche 1s created at this junction. A drifting of holes from
the 1solation region 104 towards the backgate 106 raises the
potential of the backgate 106 and makes the backgate 106 to
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the drain 108 diode become forward biased. Thus, T1 also
enters the snapback state and conducts the ESD current.
Therefore, in an embodiment, both the parasitic bipolar tran-
sistors T1 and T2 may enter breakdown mode and conduct
ESD current concurrently.

This OFF-NMOS ESD protection circuit 700 may be used
between two electrical nodes having different potential levels
(e.g., voltage levels) on an IC chip. The terminal 1 may be an
clectrical node with a voltage level higher than the voltage
level of another electrical node—the terminal 2. In one
embodiment, the electrical nodes may be connected to exter-
nal pins. For example, the terminal 1 may be connected to the
high potential power supply VDD (e.g., positive (+) 12 volts)
and the terminal 2 may be connected to the low potential
power supply (e.g., negative (—) 12 volts). In another embodi-
ment, the terminal 1 may be connected to an input or output
signal line with a higher voltage level and the terminal 2 may
be connected to an input or output signal line with a lower
voltage level. In other embodiments, at least one of the elec-
trical nodes may be a conductive region or node of an I1C not
connected to any external pins.

Referring to FIG. 8, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 800 according to an
embodiment of the present invention 1s shown. This ESD
protection circuit 800 comprises an 1solated NMOS (e.g., as
shown in FIG. 1) and three terminals 1, 2 and 3. In one
embodiment, the 1solation region 104 1s connected to the
terminal 1, the backgate doped region 114 1s connected to the
terminal 2 and the source 110 1s connected to the terminal 3.
The gate 112 1s coupled to the terminal 3 though a resistor
820. The resistor 820 may be made of metal or other conduc-
tive material and may steer current away from the gate 112
during an ESD event.

When terminal 1 has an ESD stress that 1s positive to
terminal 3, the 1solation region 104 1s biased positive with
respectto the source 110. If the ESD stress across the 1solation
region 104 and the source 110 1s strong enough, the parasitic
bipolar transistor 12 may enter breakdown mode and conduct
ESD current. During this ESD event, no current 1s flowing to
the terminal 2 and the backgate 106 becomes a floating base
for the transistor T2. In one embodiment, the ESD protection
circuit 800 has a lower trigger voltage than the ESD protec-

tion circuits 400, 600 and 700 shown 1n FIGS. 4, 6-7.

This OFF-NMOS ESD protection circuit 800 may be used
between three electrical nodes having different potential lev-
els (e.g., voltage levels) on an IC chip. The terminal 1 may be
an electrical node with a voltage level higher than the voltage
level of another electrical node—the terminal 3, and terminal
3 has a higher voltage level than the third electrical node:
terminal 2. In one embodiment, the electrical nodes may be
connected to external pins. For example, the terminal 1 may
be connected to the high potential power supply VDD (e.g.,
positive (+) 12 volts), the terminal 3 may be connected to the
mid potential power supply and terminal 2 may be connected
to a low potential power supply (e.g., negative (-) 12 volts). In
another embodiment, the terminal 1 may be connected to an
input or output signal line with a high voltage level, the
terminal 3 may be connected to an 1input or output signal line
with a mid voltage level and the terminal 2 may be connected
to an 1mput or output signal line with a low voltage level. In
other embodiments, at least one of the electrical nodes may be
a conductive region or node of an IC not connected to any
external pins.

Referring to FIG. 9, this ESD clamp C5 1s used to connect
two power supplies. Terminal 1 1s the 1solation connected to
the high potential power supply, terminal 3 1s the drain and the
source connected to the mid potential power supply, and
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terminal 2 1s the backgate connected to the low potential
power supply. During ESD events with terminal 1 stressed
positive to terminal 3, the floating-base transistors T1 and T2
may break down.

Referring to FIG. 9, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 900 according to an
embodiment of the present invention 1s shown. This ESD
protection circuit 900 comprises an 1solated NMOS transistor
(e.g.,as shown in FIG. 1) and three terminals 1, 2 and 3. In one
embodiment, the i1solation region 104 1s connected to the
terminal 1, the backgate doped region 114 1s connected to the
terminal 2, both of the drain 108 and the source 110 are
connected to the terminal 3. The gate 112 1s coupled to the
terminal 3 though a resistor 920. The resistor 920 may be
made of metal or other conductive material and may steer
current away from the gate 112 during an ESD event.

When terminal 1 has an ESD stress that 1s positive to
terminal 3, the 1solation region 104 1s biased positive with
respect to both the drain 108 and source 110. If the ESD stress
across the 1solation region 104 and the source 110 1s strong
enough, the parasitic bipolar transistor T2 may enter break-
down mode and conduct ESD current. Moreover, because the
source 110 and drain 108 are kept at the same potential, the
ESD stress may also cause the transistor 11 to break down.
For example, the ESD stress across the 1solation region 104
and the drain 108 may be strong enough to also reach a trigger
voltage. The junction of the 1solation region 104 and the
backgate 106 may become reverse biased, and an electron
avalanche 1s created at this junction. A drifting of holes from
the 1solation region 104 towards the backgate 106 raises the
potential of the backgate 106 and makes the backgate 106 to
the drain 108 diode become forward biased. Thus, T1 also
enters the snapback state and conducts the ESD current.
Therefore, in an embodiment, both the parasitic bipolar tran-
sistors 11 and T2 may enter breakdown mode and conduct
ESD current concurrently. During an ESD event between the
terminals 1 and 3, no current 1s flowing to the terminal 2 and
the backgate 106 becomes a tloating base for both of the
transistors T1 and T2.

This OFF-NMOS ESD protection circuit 900 may be used
between three electrical nodes having different potential lev-
els (e.g., voltage levels) on an 1C chip. The terminal 1 may be
an electrical node with a voltage level higher than the voltage
level of another electrical node—the terminal 3, and terminal
3 has a higher voltage level than the third electrical node:
terminal 2. In one embodiment, the electrical nodes may be
connected to external pins. For example, the terminal 1 may
be connected to the high potential power supply VDD (e.g.,
positive (+) 12 volts), the terminal 3 may be connected to the
mid potential power supply and terminal 2 may be connected
to a low potential power supply (e.g., negative (=) 12 volts). In
another embodiment, the terminal 1 may be connected to an
input or output signal line with a high voltage level, the
terminal 3 may be connected to an input or output signal line
with a mid voltage level and the terminal 2 may be connected
to an input or output signal line with a low voltage level. In
other embodiments, at least one of the electrical nodes may be
a conductive region or node of an IC not connected to any
external pins.

Referring to FIG. 10, this ESD clamp C6 1s able to connect
three power supplies and acts as one ESD clamp between
terminal 1 and 3 and the other between terminal 1 and 2.
Terminal 1 1s the 1solation connected to the high potential
power supply, terminal 3 i1s the drain connected to the mid
potential power supply, and terminal 2 1s the source connected
to the low potential power supply. Gate and backgate are
coupled to terminal 2 through resistors or metal. During ESD
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events with terminal 1 stressed positive to terminal 2, this
ESD clamp acts like C1. During ESD events with terminal 1
stressed positive to terminal 3, this ESD clamp acts like C4.

Referring to FIG. 10, a cross sectional view of an 1solated
OFF-NMOS ESD protection circuit 1000 according to an
embodiment of the present invention 1s shown. This ESD
protection circuit 1000 comprises an 1solated NMOS transis-
tor (e.g., as shown in FIG. 1) and three terminals 1, 2 and 3. In
one embodiment, the 1solation region 104 1s connected to the
terminal 1, the drain 108 1s connected to the terminal 2, and
the source 110 1s connected to the terminal 3. Both the gate
112 and the backgate doped region 114 are coupled to the
terminal 2 though resistors 1020 and 1022 respectively.

The ESD protection circuit 1000 may act as two ESD
clamp cells: one between the terminals 1 and 2, another
between terminals 1 and 3. When terminal 1 has an ESD stress
that 1s positive to terminal 2, the 1solation region 104 1s biased
positive with respect to the source 110. If the ESD stress
across the 1solation region 104 and the source 110 1s strong
enough, the parasitic bipolar transistor T2 may enter break-
down mode and conduct ESD current. During this ESD event,
the resistors 1020 and 1022 (e.g., metal or other conductive
material) may steer current away from the gate 112 and the
backgate doped region 114, and guide current to the source
110. Also, during this ESD event, no current 1s flowing to the
terminal 3 and the backgate 106 becomes a tloating base for
the transistor T2. In one embodiment, the resistor 1022 has an
adjustable resistance value to adjust the clamp cell trigger
voltage.

When terminal 1 has an ESD stress that 1s positive to
terminal 3, the ESD stress may also cause the transistor T1 to
break down. For example, the ESD stress across the 1solation
region 104 and the drain 108 may be strong enough to also
reach a trigger voltage. The junction of the 1solation region
104 and the backgate 106 may become reverse biased, and an
clectron avalanche is created at this junction. A drifting of
holes from the 1solation region 104 towards the backgate 106
raises the potential of the backgate 106 and makes the back-
gate 106 to the drain 108 diode become forward biased. Thus,
T1 also enters the snapback state and conducts the ESD
current. Also, during this ESD event, no current 1s flowing to
the terminal 2 and the backgate 106 becomes a floating base
for the transistor T1.

This OFF-NMOS ESD protection circuit 1000 may be
used between three electrical nodes having different potential
levels (e.g., voltage levels) on an IC chip. The terminal 1 may
be an electrical node with a voltage level higher than the
voltage level of another electrical node—the terminal 3, and
terminal 3 has a higher voltage level than the third electrical
node: terminal 2. In one embodiment, the electrical nodes
may be connected to external pins. For example, the terminal
1 may be connected to the high potential power supply VDD
(e.g., positive (+) 12 volts), the terminal 3 may be connected
to the mid potential power supply and terminal 2 may be
connected to a low potential power supply (e.g., negative (-)
12 volts). In another embodiment, the terminal 1 may be
connected to an input or output signal line with a high voltage
level, the terminal 3 may be connected to an 1nput or output
signal line with a mid voltage level and the terminal 2 may be
connected to an mput or output signal line with a low voltage
level. In other embodiments, at least one of the electrical
nodes may be conductive region or nodes of an IC not con-
nected to any external pins.

ESD protection circuits shown in FIGS. 6-10 provide simi-
lar ESD performance as the ESD protection circuit 400 shown
in F1G. 4. The TLP curves of ESD protection circuits in FIGS.

6-10 are not shown but they are similar to the performance of
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the ESD protection circuit 400 shown 1n FIG. 5. Accordingly,
the ESD protection circuits shown in FIGS. 6-10 have similar
characteristics: breakdown trigger voltages less than the
operation voltage and failure current levels higher than the
tailure current level 650 mA of the conventional ESD clamp
cell shown 1n FIG. 3. Moreover, therr ESD performance 1s

scalable with the number of the ESD clamp cells. That 1s: the
voltage across the 2 terminals being stressed at the failure
current level 1s greater than the trigger voltage of the ESD
clamp cell, thus, any ESD clamp cells being subject to the
ESD stress at the failure current level will break down and
conduct ESD current. Accordingly, multiple copies of
embodiments of the present invention may be put in parallel
to provide higher ESD protection (e.g., discharging more
static charges).

Embodiments of ESD protection circuits in accordance
with the present mvention make use only of the isolated
NMOS ftransistor and do not require the semiconductor pro-
cess to support bipolar transistor types. Furthermore these
embodiments always have the 1solation layer biased to the
higher of the supply voltages being connected to the protec-
tion circuit. Accordingly, the ESD breakdowns taking place
from either the source or drain terminals of the 1solated
NMOS device being taken positive with respect to the 1sola-
tion layer can easily be prevented with ESD diodes that are
placed external to the 1solated NMOS transistor. Thus, the
ESD breakdown of a clamp cell 1s limited to ESD stresses 1n
which the 1solation layer 1s stressed positive with respect to
either the source or drain of the 1solated NMOS device.

Embodiments of the present invention take advantage of
the parasitic bipolar transistors of an 1solated NMOS transis-
tor having different collectors, emitters and bases. These
bipolar transistors show different characteristics such as trig-
ger voltage and break down current level. In the FIGS. 4 and
6-10, the drain and the source are drawn as identical but this
need not be the case. Further, the semiconductor processing,
of the drain need not be i1dentical to that of the source. In one
embodiment, the i1solated NMOS transistor may be sym-
metrical, the drain 108 and the source 110 may be inter-
changeable. The transistors (e.g., T1, T2 and T3) 1llustrated 1in
these figures are physical and/or electrical effects of various
neighboring regions of an IC ship. They model operations of
transistors but are not individual transistor devices.

FIG. 11 illustrates an IC chip 1100 with an 1solated OFF-
NMOS ESD protection circuit according to an embodiment
of the present mnvention. The chip 1100 may comprise a chip
package 1120, which may be include a casing (typically,
plastic) with electrical contact pins 1110.1-1110.N extending,
out of 1t. Inside, as shown 1n the enlarged view 1120 the pins
1110.1-1110.N are connected to metal traces that extend to a
position adjacent to a semiconductor die 1108. Thin wires
1104 may connect the traces 1102 to metal contact pads 1106
on the integrated circuit die 1108. Within the integrated cir-
cuit die, recerver circuits (not shown) may be provided 1n
clectrical connection to the contact pads 1106 to receive
external signals input to the chip 1100 via the pins 1110. A
variety of circuit designs are known for use as receiver cir-
cuits. Commonly the receiver circuits are composed of a
variety ol transistors. According to an embodiment, the
receivers may have diflerent voltage levels and may employ
1solated OFF-NMOS ESD protection circuits as disclosed 1n
the foregoing embodiments.
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Several embodiments of the present invention are specifi-
cally illustrated and described herein. However, 1t will be
appreciated that modifications and variations of the present
ivention are covered by the above teachings and within the
purview of the appended claims without departing from the
spirit and intended scope of the invention.

We claim:

1. An ESD protection circuit for an integrated circuit chip,
comprising;

an 1solated NMOS transistor comprising:;
an 1solation region 1solating a backgate from a substrate,

and

a first and second doped regions and a gate formed on the
backgate;

a first terminal to connect the 1solation region to a first
electrical node:; and

a second terminal to connect the second doped region to a
second electrical node, wherein the first electrical node
has a higher voltage level than the second electrical
node, and the gate and backgate are coupled to the sec-
ond terminal, wherein the backgate 1s coupled to the
second terminal via a discrete resistor formed separate
from 1nternal body resistance of the transistor.

2. The ESD protection circuit of claim 1, wherein the first
doped region 1s a drain and the second doped region 1s a
source of the 1solated NMOS transistor.

3. The ESD protection circuit of claim 2, wherein the
1solated MOS ftransistor 1s oif during operation of the inte-
grated circuit chip.

4. The ESD protection circuit of claim 2, wherein the drain
1s not connected to any terminal and 1s floating.

5. The ESD protection circuit of claim 2, wherein the drain
1s connected to the first terminal and the 1solation region.

6. The ESD protection circuit of claim 2, wherein the drain
1s connected to the second terminal and the source.

7. The ESD protection circuit of claim 2, wherein the
backgate 1s to be coupled to the second terminal via a back-
gate doped region.

8. The ESD protection circuit of claim 1, wherein the
discrete resistor has an adjustable resistance.

9. The ESD protection circuit of claim 1, wherein the first
clectrical node 1s a first power supply of a high voltage level
and the second electrical node 1s a second power supply of a
lower voltage level.

10. The ESD protection circuit of claim 1, further compris-
ng:

a second 1solated NMOS transistor connected in parallel to
the NMOS transistor between the first and second elec-
trical nodes, the second 1solated NMOS transistor com-
prising;:

a second 1solation region 1solating a second backgate
from a second substrate, the second 1solating region
being connected to the first electrical node, and

a third and fourth doped regions and a second gate
formed on the second backgate, the fourth doped
region being connected to the second electrical node,
wherein the second gate and second backgate are
coupled to the second electrical node, the second
backgate 1s coupled to the second electrical node via a
second resistor and the second resistor 1s a discrete
resistor formed separate from internal body resistance
of the transistor.
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